Sequence characteristics responsible for protein-protein interactions in the intrinsically disordered regions of caseins, amelogenins, and small heat-shock proteins.
Milk caseins and dental amelogenins are intrinsically disordered proteins (IDPs) that associate with themselves and others. Paradoxically, they are also described as hydrophobic proteins, which is difficult to reconcile with a solvent-exposed conformation. We attempt to resolve this paradox. We show that caseins and amelogenins are not hydrophobic proteins but they are more hydrophobic than most IDPs. Remarkably, uncharged residues from different regions of these mature proteins have a nearly constant average hydropathy but these regions exhibit different charged residue frequencies. A novel sequence analysis method was developed to identify hydrophobic and order-promoting regions that would favor conformational collapse. We found that such regions were uncommon; most hydrophobic and order-promoting residues were adjacent to hydrophilic or disorder-promoting residues. A further reason why caseins and amelogenins do not collapse is their high proportion of disorder-promoting proline residues. We conclude that in these proteins the hydrophobic effect is not large enough to cause conformational collapse but it can contribute, along with polar interactions, to protein-protein interactions. This behaviour is similar to the interaction of the disordered N-terminal region of small heat-shock proteins with either themselves during oligomer formation or other, unfolding, proteins during chaperone action.